We present a conceptual framework for applying techniques of SNP genotyping as a molecular biological approach and remote sensing as an ecological approach to elucidation of the contribution of polygene and environmental factors to inter-individual variation in skin pigmentation phenotype. Additionally, we discuss the obstacles that frustrate our efforts to identify how the human genome encodes the complex phenotype and suggest the use of computational methods designed for knowledge discovery within hereditary database.
Introduction
Human beings have developed and brought clean and comfortable living spaces. Yet, the man-made environments have sometimes done harm to human beings. Then, we, human beings, need to know man's adaptation itself and develop man's abilities to adapt and live through the environments. There are two aspects to approach to elucidation of the adaptation itself. The one is to understand the human genome that encodes and characterizes the complex human phenotype. The other is to understand ecological environments that also determine the human trait.
Skin pigmentation is one of the most visible and diverse of all human phenotypes and its study can address many practical problems in terms of various aspects from skin cancer through human evolutionary history (Rana et al., 1999; Flanagan et al., 2000; Palmer et al., 2000; Akey et al., 2001) . The genetic background for human skin color has been a major topic in human genetics, and some studies have shown particular locus associated with skin pigmentation phenotype while suggesting the necessity to define which alleles are functionally significant (Rana et al., 1999; Flanagan et al., 2000; Palmer et al., 2000; Akey et al., 2001; Rees, 2003) . Still, other studies suggest that the combined action of multiple genomic loci may play significant roles in determining the pigment phenotype through their interaction with one another and environment (John et al., 2003) . More, several studies have analyzed the impact of ultraviolet (UV) exposure as a physical factor of atmospheric environment on the human pigmentation system and clarified that pigmentation of the skin is it's the major co-variant of UV sensitivity (Flanagan et al., 2000) . Those studies provide that skin pigmentation phenotype can be determined by the cumulative effects of multiple genetic variants and environmental factors. But, there are few studies that investigate the contribution of polygene to inter-individual variation in skin pigmentation phenotype, while clarifying interactions between physical factors of atmospheric environment (e.g., ultraviolet light, temperature, light, air pressure, or oxygen tension) and the human phenotypes as a result of man's environmental adaptabilities. However, new techniques bring possibilities of investigation of the contribution of polygene and environmental factors to interindividual variation in skin pigmentation phenotype.
Then, we present a conceptual framework for applying techniques of single nucleotide polymorphisms (SNPs) genotyping as a molecular biological approach and remote sensing (RS) as an ecological approach to elucidation of the contribution of polygene and environmental factors to interindividual variation in skin pigmentation as an experimental design.
Single Nucleotide Polymorphisms (SNPs)
Single nucleotide polymorphisms (SNPs) are DNA sequence variations that occur when a single nucleotide: adenine (A), thymine (T), cytosine (C) or guanine (G) in the genome sequence is altered. The alterations are happened by several internal and external factors. For example, methylic cytosine changes into thymine when a chemical change called deamination occurs ( Fig. 1 ). This change is the most frequent occurrence. Also, such changes are influenced by ultraviolet (UV) radiation. The UV range which is absorbed by nucleotide is 260-320 nm (Dunkern et al., 2001) . A variation must occur in at least 1% of the population to be considered an SNP. SNPs, which make up about 90% of all human genetic variation, occur every 100 to 300 bases along the 3-billion-base human genome. Although more than 99% of human DNA sequences are the same across the population, variations in DNA sequence can have a major impact on human diversity (Rees, 2003) .
Since SNPs consist of abundant source of genetic variation in the human genome and are the most prevalent form of genetic variation within populations, SNPs have been studied to establish relationships between genotypic and phenotypic differences (Akey et al., 2001; Evans and Relling, 1999; Evans, 2003; Paul Bao et al., 2005) . The objective of those studies is to identify DNA sequence variation within human populations that is associated with high risk of diseases, adverse drug reactions or human phenotypes. Being able to establish the functional relationships offers possibilities of personal oriented treatment, disease prevention, or elucidation of the evolutionary and biophysical functions that characterize human phenotypes. To achieve this objective, high speed and accuracy, robust and inexpensive SNP detection methodologies are needed.
SNP Genotyping
Numerous strategies of SNP genotyping have been developed for SNP discrimination with various degrees of multiplexing capability. Our study adopts SNP genotyping by means of Masscode TM system that QIAGEN Genomics Corporation developed for accurate, high-throughput SNP genotyping (Kokoris et al., 2000; QIAGEN Inc., 2001) . The system involves the two-step PCR amplification and comprises a platform chemistry of cleavable mass spectrometry tags. Each tag is covalently attached to the 5Ј end of an oligonucleotide via a photolabile linker. Tagged oligonucleotides are used as a primer in an allele-specific PCR SNP discrimination assay, in which different SNP alleles at a particular locus are amplified by PCR using specific primers with tags of different molecular weight. SNP specific PCR products are purified to remove unincorporated tagged primers. The tags are cleaved from the purified PCR products by exposure to a 254 nm mercury lamp and then analyzed by an optimized Agilent 1100 single quadrupole mass spectrometer, which detects the tag species present in the sample. Presence of a particular tag indicates presence of the corresponding SNP allele in the genomic DNA used as the PCR template (Kokoris et al., 2000; QIAGEN Inc., 2001) .
Genotype data are reported in a comma-delimited flat-file format that contains the SNP and sample identifiers for each allele call. Allele ca11s are reported using a binary nomenclature in which l represents wild-type alleles and 2 represents variant alleles. The SNP allele is classified into three types: wild type homo, variant type homo and hetero type. Thus, a homozygous wild-type allele ca11 would be indicated by a l,1 designation, whereas a heterozygote would be expressed as l,2. Fig. 2 shows genotyping results (Kokoris et al., 2000; QIAGEN Inc., 2001) . Data obtained from the SNP genotyping are used as genetic factors that attribute to interindividual variation in skin pigmentation phenotype.
Remote Sensing (RS)
Remote sensing (RS) is the technique of obtaining information about an object collected by a sensor that is mounted on satellites without actually being in contact with the object (Japan Remote Sensing Society, 1992). As for atmospheric RS, a sensor measures dispersed, absorbed or radiated electromagnetic waves from the sun or the moon coming through the atmosphere using spectrometric method (Fig. 3) . For example, Improved Limb Atmospheric Spectrometer (ILAS) boarded on Advanced Earth Observing Satellite (ADEOS), the sensor measures spectroscopically both the visible and infrared radiation from the sun coming through the atmosphere by tracking the radiometric center of the sun at sunrise and sunset events seen from the satellite in order to observe vertical distributions of trace gases, particles, temperature, and pressure (Takeuchi, 2001 ). The Total Ozone Mapping Spectrometer (TOMS) on board the Earth Probe satellite that measures incident solar radiation and backscattered UV sunlight are used as environmental factors that contribute to inter-individual variation in skin pigmentation phenotype.
Genomic Complexity
Many phenotypes are the result of a single base pair change; however, it is considered that the alignment of multiple SNP alleles or the haplotype on each chromosome, or multiple 484 Applications of SNP Genotyping and RS Fig. 1 The mechanism of the formation of SNPs. Methylic cytosine changes into thymine when a chemical change called deamination occurs.
genomic loci can contribute to the expression or activity of a gene product (Akey et al., 2001; Voisey et al., 2001; Hurley et al., 2005) . The combination of polymorphic alleles at loci is considered as one possible approach in order to establish such relationships between genotypic and phenotypic differences.
Computational Methods
Large amount of data on SNPs have been reported. For example, there are more than 15 million entries in dbSNP and more than 195,000 SNPs in JSNP. The large amount of data on the human genome including SNPs have been considered as an impediment to identify the genetic correlates of complex human phenotypes. To infer genetic variation in the human genome that is associated with phenotype needs to use computational methods in order to deal with knowledge discovery within a large database.
Data mining methodologies are useful for knowledge discovery within a large database. These include neural networks, clustering programs, association rules and classification and regression trees (Piatetsky-Shapiro and Frawley, 1991; Shaw and Wheeler, 1994; Fayyad et al., 1996) . A combination of machine learning, statistical analysis, modeling techniques and database technology, data mining finds patterns and subtle relationships in a large database and infers rules that allow the prediction of future results. This usually involves the prediction of some criterion variable value (i.e., outcome or dependent variable value) from a number of predictor or independent variable values.
The functional relationships between genotypic and phenotypic differences are linked to association rules. For, it is considered that the evolution of the human genome occurs through the accumulation of environmental association rules (Irizarry et al., 2005) . Since the human phenotypes are determined through the interactions of multiple loci with each other and environments, association rules are useful to identify the contribution of polygene and environmental factors to the human phenotypes while developing computational algorithms aimed for the objectives.
Conclusions
Using the techniques of SNP genotyping and RS definitely plays an important role in development of physiological anthropology studies. In our study, those techniques help to reveal the contribution of polygene and environmental factors to inter-individual variation in skin pigmentation phenotype. Yet, the impedimenta, such as genomic complexity and large amount of SNP data should be overcome. Our immediate goals are to find polymorphic alleles at loci associated with skin pigmentation phenotype while developing computational algorithms designed for the objective. Furthermore, our final goal is to clarify interactions between atmospheric environments and polymorphic alleles at loci associated with skin pigmentation phenotype as one of the results of man's environmental adaptabilities.
